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ABSTRACT 

A 200A boron nitride film on a molybdenum substrate was subjected to 
electron bombardment at 0. 16 A/cm2 and 1.2 kv for 3 hours and as a result 
6max decr-ased from 1. 75 to 1. 55. 

The high stress Electron Bombardment Vehicle was operated at 4 A/cm2 

and 2. 5 kv and the polished copper target showed thermal etching effects. 

Two 4-1-1 barium-calcium-aluminate impregnated tungsten samples 
were subjected to electron bombardment at varying current levels at 1. 2 kV 
energy,  corresponding to average current densities of 0. 2 and 0. 4 A/cm2 for 
23. 5 and 19 hours respectively.    6max levelled off to an asymptopic value of 
approximately 2. 2 to 2. 3 for both samples. 

Cathode emission life test of model No.   8A was terminated after 58 hours. 
This model was rebuilt as No.   SB with a 1. 680 inch diameter aluminum cathode. 
Other design changes were also incorporated and this tube has been designated 
for long life cathode emission evaluation. 
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authorl^rf K , fv    TT ?: !, c C0ld cathc( e studies for crossed-field tubes are 
New jir!l y    A   jR^dJUtea ^"y Electronics Command,  Fort Monmouth 
New Jersey, under DA Project No.   7900-21-223-12-00.    The work was 
prepared under the support of the Advanced Research Projects Agency under 
Armv El0: l" ^r" conducted ^d" the technical guidance of the ujs 
Army Electronics Command,  Fort Monmouth,  N.  J.   07703. 
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1. INTRODUCTION 

The objective of the present cold cathode study program is to 
achieve long life cold cathode performance for crossed-field amplifiers. 
This program is being performed for the United States Army Electronics 
Command,   Fort Monmouth,   New Jersey,  under contract DA-28-043-AMC- 
01698 (E). 

In this study,   selected cold cathode materials will be evaluated 
as to:   their secondary emission properties,   their ability to withstand 
environmental factors expected in a crossed-field amplifier,   and their 
crossed-field amplifier performance.    Based on the above experimental 
information and pertinent theoretical calculations,   a life prediction chart 
will be established for a number of cold cathode materials. 

The program is divided into two concurrent phases,   Phase A 
being concerned with the measurement of various pertinent pioperties of 
cold cathode materials outside of the tube environment,  and Phase B 
involving the evaluation and life testing of selected cathodes in a crossed- 
field amplifier. 

The first quarterly report of this contract (Technical Report 
ECOM 01698-1) contains a discussion of the objectives and plans for the 
over-all program.    Quarterly report no.   5 contains a description of the 
CFA test vehicles used in this program. 

2. PHASE A - MATERIALS EVALUATION 

2. 1      Boron Nitride Film.   Another boron nitride film was evaluated in 
the Electron Bombardment Vehicle.    This was a 200A film deposited by CVD 
technique on a molybdenum (Mo) substrate,   as were the previous films tested 
in this program.    The results are shown in Figure 1.    6max was low (approxi- 
mately 1. 75 at the start) and decreased slightly under 3 ma electron bombard- 
ment at 1. 2 kv.    The high 6max of 4. 3 observed for a previous boron nitride 
(BN) film in the SEE test vehicle has not been repeated as yet. 

2. 2     Secondary Emission Measurements.    To ascertain the relative 
significance of the impregnant and tungsten regions in contributing to secondary 
emission,   a set of impregnated tungsten samples were fabricated of varying 
porosity and impregnant composition.    Measurement of 6 vs primary energy 
was performed in the SEE test vehicle,   and the values of 6rnax after system 
bakeout are shown in Table I. 

These are preliminary measurements only; therefore no conclu- 
sions will be drawn at this stage.    Sufficient thermal activation for the high 
porosity samples was impossible,   due to a poor thermal contact between each 
sample and the Mo cup in which it was contained.    New high porosity samples 
are being made and the measurements will be repeated. 
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TABLE I 

Am*x of lmpregn«t«d TungvUn Samplvt after 
System Bakcoul «I 400*C. 

Sample Impregneni 
oro.tlY* Compo.mon" 

20 1.91 
20 1.78 
40 (intuUlor) 
40 (intuUlor) 
M 1.66 
10 2.13 
20 1.94 

% porosity ■ 100 x impregnant volume fraction. 

<■* 

Numbers in this column denote molar parts B^CO), CaCOj and A12O3, respectively 

2.3     High Stress Electron Bombardment VesttnE.    The Sixth Uuarterly 
Report described initial tests on a polished copper target undergoing 
electron bombardment at I. 5 kv and 2 A/cm^.   This coooer target was 
subsequently subjected to bombardment at 2. 5 kv and 4 A/cmZ for 4   -/2 hours, 
corresponding to a porver density at the target surface of 10 kw/cm .   After 
removal the copper target was microscopically examined at a magnification 
of 50.   As shown in Figure 2,  there was evidence of thermal etching: the 
dark spots appear to be pitted areaa. 

Some attempts to diffusion bond (pressure and temperature) 
aluminum to copper were made,   but these were only partially successful, 
i. e.,   only portions of the area were bonded. 

The following materials to be used in further electron bombard- 
ment studies have been procured: 

1. aluminum alloy 6061 (approximately 97. 5% Al) 
2. aluminum allow 1100 (99. 0 -f % Al) 
3. 98+ % pure beryllium. 

Targets will be fabricated from these materials for I A/cm^ and 
4 A/cm^ bombardment.    Targets for 1 A/cm^ bombardment will be threaded 
(easily removable) in the early EBV tests.    Targets for the 4 A/cm^ tests 
will depend on the diffusion bonding technique.    In future  work it is planned 
to operate two EBV s simultaneously. 

- 3 



Fitur« I,      PoUatod Copper Targ*t AlUr High Sir«** electron 
BomtMrdrnvm (MX matuftcaiioo} 

mplea of •< lungttvn »«mi 
prvparvd.   Two of th*»« wore loaivd Airing th« prvaom quarivr. 

Tho ronUU for MmpU no.  I «r« shown in Finir« I whilo UIOM 
for •nmpl« no. 2 arc shown in rifur« 4.   Thoao figur«« show OM «ffocu on 
*mAx cauMd by hvsiing for pirpoM» of •clivniloo and by »lociroo bombard- 
mant in lha hot/cotd CBV. 

Aftar diaaaaambty both aamplvs app»«r»d cUan. lhar« b»ing no 
apparpnt dlacolorauon du« to «airarwoua dapotiit nor to lha alaclron bom- 
bardmvnt alraaa nor lo the actlvaiion hraitng. 

Prior to lha Uailng of aampla no.   I lha largn ho«i»r had baan 
modifi«d for grvatar lharmal affuivncy.   Addmonal ahivlding of th« targvi 
h*d b*mn provided alao.  lo prrvmi lha d«po»iiion of forvign material on ihr 
largat aurfaca.   Thaaa modificaiion» appaar lo haw b»»n •uceaaaful. 

Both aamptaa appaar lo •tabilt«« lo a im^ of 2.2 - 2.1 aflar 
period« of electron bombardmvnU    Th« activating «ff«cl of «Uctron bombard- 
ment with th« Urg«t n«gativ« r«lativ« to th« nr^w «•• purttcuUrly noticvabl« 
it alao cautad da-activattoo la only on« cat«.    Th« maaimum «*lu« of 4,.^- 
obi«rv«d v«i i. 3 In th« caaa of tampl« no.   1 and 2.6 for aampla no.  2.    Thaaa 
ara lowar than a valu« or 4. 4 r«port«d in Ou«rt«rlv Report No.  I for a timiUr 
•»mpla al bett activation.    Furth«r •n*mjHt «rill b« mad« to obum a high«r 
A for addiUonal aamplat of lmpr»gn«t«d tungsten. 
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Sample no.   1   was electron bombarded for 23. 5 hours at between 
0. 1 and 0. 5 A/cm^ (average value of 0. 2 A/cm^;,  interspersed with periods 
of thermal activation,  during a total 64-hour period.    Sample no.  2 was 
electron bombarded for 19-hours at between 0. 17 and 0. 5 A/cm2 (average 
value of 0. 4 A/cm^) during a total 25-hour period.    The 6 values appear to 
oscillate about an ultimate asymptotic value of between 2. 2 and 2. 3 for both 
samples.    The application of an oxygen pressure of 5 x 10-6 Torr to sample 
no.   2 resulted in no significant improvement in 6,  contrary to expectations 
based on previous beneficial effects of O2.     The usual effect of electron 
bombardment with the target negative relative to the anode is an increase 
in 8.    It is assumed that the cathode of the CFA also sees a similar sense of 
the electric field and is thus also subject toO+ ion bombardment. 

Some of the significant processes which may contribute to the 
surface condition of the aluminum cold cathode are: 

1) dissociation of the oxide film due to electron bombardment, 
followed by: 

a) escape into the vacuum of oxygen atoms,  either charged 
or neutral,  from the first few atomic layers,  and 

b) relaxation of the remaining depth of the electron range. 

2) diffusion of aluminum deeper into the oxide from oxygen 
deficient superficial layers. 

3) replacement of oxygen by adsorption of neutrals from the 
vacuum or perhaps (more effectively) by 0+ ion bombardment. 

Some of the changes in 6 observed such as occur during off-periods, 
may be due to diffusion and relaxation processes within the oxide. 

Two Ni cermet samples were prepared during the present quarter 
and will be tested in the hot/cold EBV during the coming quarter. 

3. PHASE B - CFA TESTING 

3. 1     QKS1397  Test Vehicle 

3. 1. 1   Model no.   8A.    Evaluation of cathode emission life of model 
no.  8A was continued during the repurt period.    The tube was operated at 
0. 001 duty factor,  with a peak drive power of 125 kw,   a magnetic field of 
3075 gauss,   and at a frequency of 33 50 MHz.    In Figure 5,  the solid curve 
shows the peak tube current,   while the dashed curve shows the oxygen 
source heater power,  both as a function of time.    The oxygen source heater 
power was initially 59 watte,   but was later raised to 60 watts (after approxi- 
mately 34 hours of cumulative operating time) to increase the peak current 
emission.    At this level of oxygen source heater power however,  the peak 
current emission could not be maintained,  and had decreased to 67 amperes 
by 38 hours of cumulative operating time.    The test vehicle was now operated 
jvith only rf drive power and oxygen dispenser heater power (60 watts) 
present,   to recondition the cathode emitter surface for higher peak current 
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emission.    The peak current emission did indeed increase,  but could not be 
maintained; after 43 hours of cumulative operating time the peak current 
emission had decreased to 66 amperes.    A second attempt to recondition the 
cathode emission was similarly unsuccessful in maintaining peak current 
obtained; 44 hours of cumulative operating time,  the peak current had 
decreased to 66 amperes.    It then stabilized at this level for the remainder 
of the life test period.    This current level represents a cathode stress level 
of approximately 3. 6 amp/cm2,  with a peak output power level of 1 Mw and 
900 watts of average power added by the CFA test vehicle.    A reduction of 
the oxygen source heater power to 59 watts showed no decrease in the peak 
cathode emission,   but a further reduction of heater power to 58 wa<:t8 did 
show an immediate effect (after approximately 48 hours of cumulative 
operating time).    The effect of an oxygen source heater power level higher 
than 60 watts was not investigated because of the higher partial O2 pressure. 

Cathode emission life test of model no.   8A was terminated after 
a total accumulated time of 58 hours to rebuild the test vehicle with a modified 
aluminum cathode emitter and supporting structure design for improved 
performance. 

3' ^ 2   Tube model no.  8B.    The test vehicle was rebuilt as model 
no.   8B with a smaller diameter (1. 680 inches) aluminum cathode.    This 
cathode diameter conformed more closely to the "standard" QKS1397 design, 
which has shown practically no 7r-mode oscillation.    In addition,   the following 
design changes weie incorporated in the cathode structure: 

1. Axial height was made equal to vane tip height for 
increased emitter surface activity. 

2. Molybdenum end shields were brazed to the cathode support 
structure for improved heat dissipation. 

3. Tvlcchanical bond was improved between the aluminum 
emitter and the support structure. 

4. Copper-clad pole pieces were used to eliminate vaporized 
iron deposits on the emitter surface due to arcing during 
initial tube processing. 

5. Surface edges were extensively rounded smooth to reduce 
the likelihood of arcing during initial tube processing. 

The rebuilt test model has been bake-out processed; initial test 
evaluation procedure will remain as before and will be conducted with a 
conventional pulse modulator.    This tube model has been designated for long 
life cathode emission evaluation. 



4. CONCLUSIONS 

4. 1      Phase A - materials evaluation.    Barium-calcium-aluminate 
impregnated tungsten appears to approach an asymptotic vah e of 6max of 
approximately 2. 2 after considerable electron bombardment at up to 
0. 5 A/cm2 and 1. 2 kv. 

4. 2     Phase B - CFA testing.    Life test of the QKS1397 CFA test vehicle 
for more than 50 hours has shown a stabilized cathode emission of an alumi- 
num cold cathode through the use of oxygen in the pressure range of 10-6 - 
10"5 torr.    The stabilized emission level was reached at an electron back- 
bombardment level of approximately 3 amps/cm2.at a duty cycle of 0. 001. 

5. PROGRAM FOR NEXT INTERVAL 

5. 1      Phase A 

1. Evaluation of impregnated tungsten ana/or Ni cermet 
samples in hot/cold EBV. 

2. Evaluation of Al and Be samples in EBV at 1 A/cm2. 

3. Evaluation of Al and/or Be samples in high stress EBV. 

5. 2     Phase B. 

1. Evaluate QKS1397 model no.  8B with a "normal" diameter 
(1. 680 inches) aluminum cathode emitter. 

2. Life test QKS1397 model no.  SB at highest stabilized 
cathode emission level with the use of oxygen in the 
pressure range 10"° - 10"^torr. 

- 10 - 
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be unclesslfled.   Bach paragraph of the ebslrsct shall end with 
en Indlcetlon of the military aecurity clasalficstion of the In- 
formstion In the peragraph, repreeented es tTi). (t). (C). or (U) 

There Is no llmitstien on the length of the abstract.   How- 
ever, Ihe suggested length Is from ISO to 225 words. 

14. KEY WORDS:   Key wards sre lerhnlcslly meemngful terms 
or short phrsses IheC cherscterlze e report end msy be used as 
Indes entries tor cetelogtng the report    Key words wnM be 
selected eo thel ro security clesslficsllon is required    Identi- 
fiers, such ss eqinpmenl model desiipietion. trsd» nsme. ...littery 
project code neme. geographic locetien. may be used ss key 
words but will be followed by en indleeiian of trrhnlral con- 
test.   The ssslgnment of links, rule«, end weighii M nptionel 
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